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Abstract
IGCC integrated with CCS has been regarded as a promising option to reduce CO2 emission under the situation that coal is the 
dominant source among fossil fuels for the electricity-generation. Recently, KEPCO Research Institute proposed the new concept 
for the pre-combustion CO2 capture process, which is named as one loop sorption enhanced water gas shift (SEWGS) process 
consisted of two fluidized bed reactors. Sorption enhanced water gas shift (SEWGS) process is combined with the water-gas shift 
reaction with CO2 capture at the same time. In this study, Five MgO-based dry regenerable CO2 sorbents and Five CuO-based 
water gas shift catalysts were prepared by spray-drying technique to evaluate their applicability to a fluidized-bed SEWGS 
process. In these sorbents, MgO-based sorbents satisfied most of the physical requirements for commercial fluidized bed reactor 
process along with reasonable chemical reactivity. All sorbents had a spherical shape, an average size of 108–150 !m, and a size 
distribution of 42–250 !m, a bulk density of 0.60–1.16 g/mL. The attrition Index (AI) of all the sorbent was below 15%, 
compared to about 20% for commercial fluidized catalytic cracking (FCC) catalysts. CO2 sorption capacity of Sorb A was 
approximately 17.6 wt% at 200 ∀C and 21 bar with synthesis gas conditions. Spray dried CuO-based WGS catalyst showed 
relatively good physical properties. Most of catalyst had a spherical shape, an average size of 120–160 um, and a size distribution 
of 42–250 !m, a bulk density of 0.92–1.06 g/mL. Attrition Indices (AI) of Cat D and Cat E was below 10%, which is suitable for 
fluidized SEWGS process. CO conversion of Cat E was over 90% at 350 ∀C with simulated synthesis gas conditions.
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1. Introduction
Coal is the dominant fossil fuel for the electricity-generating units among fossil fuels. The world incremental 
fossil fuels generation is projected approximately by 53% in 2030 compare to 2004 based on the World Energy 
Outlook 2008. Among the power plant using fossil fuel, Integrated Gasification Combined Cycle (IGCC) is 
considered as a clean power generation technology with high thermal efficiency and low emission. The higher cost 
of electricity (COE) of IGCC power plant than that of pulverized coal (PC) power plant has been barrier to 
commercialize IGCC plant. However, when considered the CO2 capture, the COE of coal IGCC with CO2 capture is 
evaluated less than that of a PC power plant with CO2 capture [1, 2]. The international cooperation to reduce CO2
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emission for the mitigation of climate change is demanding more cost-efficient power plants with CO2 capture 
process. Therefore, it is expected that the world IGCC capacity will be rapidly increased in the near future. The 
highest efficiency of a present coal IGCC plant is 42% (Buggenum in Netherlands). The efficiency of IGCC without 
CO2 capture will decrease around 6–9% and the COE will increase 32-40% when the currently available commercial 
CO2 capture process, Selexol, was adopted [1]. Much less COE increase and efficiency loss are required to 
accelerate the deployment of IGCC with CO2 capture. To reduce the COE increase of IGCC by CO2 capture, new 
technologies such as the advanced synthesis gas clean-up and CO2 capture at warm temperatures should be 
developed. In this aspect, one loop sorption enhanced water gas shift (SEWGS) process was proposed to overcome 
the problem of the conventional water gas shift process [3-5]. Proposed one loop SEWGS process consisted of two 
fluidized bed reactors. In fi rst reactor, CO in synthesis gas is converted to CO2 and H2 under reacting with water 
vapor on WGS catalyst, then, CO2 is simultaneously captured by solid regenerable CO2 sorbent in the same reactor. 
Sorbents captured C O2 are regenerated by water vapor or C O2 and water vapor mixture to separate concentrated 
CO2. The fluidized bed process requires a sorbent or catalyst which maintains its structural integrity during repeated 
use, because the attrition of materials can result from both physical attrition such as friction and collision as well as 
chemical transformations like volume changes caused by reaction. Therefore, the solid CO2 sorbents and WGS 
catalysts must have a high attrition resistance, high sorption capacity within a reasonable contact time (2–8 s), and a 
good flow characteristics like high bulk density. This work aimed to develop and verify the performance of CO2
sorbents and WGS catalysts to capture CO2 from coal -derived synthesis gas at temperature range of 200–500 ∀C and 
above 20 bar in one loop SEWGS process. In this study, five dry regenerable CO2 sorbents and five water gas shift 
catalysts formulations designated by Sorb and Cat series were spray dried to evaluate the applicability of their 
physical properties and reactivity to fluidized-bed SEWGS process for pre-combustion CO2 capture.
2. Experimental
2.1. Preparation of the Sorbents and catalysts
The five MgO-based sorbents and five CuO-based catalysts consist of an active material, a support, inorganic 
binders, water as solvent, organic additives as dispersants, a defoamer, and an organic binder. Commercial grade 
MgO and CuO were used as the active ingredient for sorbent and catalyst, respectively. Five MgO-based sorbents
and five CuO-based WGS catalysts formulations designated by Sorb and Cat series were produced using a spray-
drying technique that is easily scalable to commercial quantities to evaluate applicable to sorption enhanced water-
gas shift (SEWGS) process. The spray-drying process of the sorbent includes the selection and comminution of raw 
materials, colloidal slurry preparation, spray drying, and calcination steps. Colloidal slurry must be flowable, 
homogeneous, dispersed, and stable. These properties are controlled by the concentration, viscosity, and pH through 
the addition of organic additives such as dispersants.
2.2. Measurements of the Sorbents and Catalysts
The shape of calcined sorbents and catalysts at 500–650 ∀C, was confirmed by industrial microscope provided by 
IMT. Average particle size of the sample was measured with a MEINZER II sieve shaker. The measuring procedure 
for particle size and size distribution was followed by the American Society for Testing and Materials (ASTM) E-
11. Tap density of each sorbent was determined by using the auto tap instrument (Quantachrome) proposed in 
ASTM D 4164-88 and was obtained by dividing the sorbent mass by its tapped volume. Attrition resistance of the 
calcined sorbents was measured with a modified three-hole air-jet attrition tester based on the ASTM D 5757-95. 
The attrition resistance was determined at 10 standard L/min (slpm) over 5 h as described in the ASTM method. The 
attrition index (AI) is the percent fines generated over 5 h. The fines are particles less than 20 μm collected at the 
thimble after 5 h from the start, which was attached to the gas outlet.
AI = total fines collected for 5 h/amount of the initial sample (50 g) × 100.                       (1)
The corrected attrition index (CAI) is the percent of fines generated over 4 h using the following equation:
CAI = [(total fines collected for 5 h - fines collected for first 1 h)/
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(amount of initial sample - fines collected for first 1 h) ]× 100                         (2)
The CO2 sorption capacity of CO2 sorbents and CO Conversion of WGS catalysts were assessed using a HTHP 
TGA. The sample size of each sorbent was about 20 mg and the flow rate of the reaction gas was 60 mL/min at STP. 
The reaction conditions and gas compositions were the same as those shown in Table 1. 
Table 1. Sorption Capacity Test Conditions and Gas Compositions
Items Carbonation Regeneration
Gas composition/vol%
37.0% CO2, 5.6% CO, 
47.4% H2, 10.0% H2O N2 or N2 + H2O
Temperature/∀C 200 400
Pressure 21 bar 21 bar
Sample load/mg 20 20
Total gas flowrate/(ml/min) 60 60
3. Results and discussion
A series of MgO-based sorbents and CuO-based catalysts were prepared in order to screen the suitable formulation 
to fluidized bed SEWGS process. 
3.1. CO2  Sorbents
Five sorbents of spray-dried MgO-based sorbents satisfied most of the physical requirements for a fluidized-bed 
reactor process. They have spherical shape, average size range of 108–150 !m, size distribution of 42–250 !m, and 
bulk density range of 0.60–1.16 g/mL. Figure 1 shows microscope image of the spray-dryed sorbents. All the 
sorbents appear as a completely sphere shape without a hollow or defect region.
Sorb A                       Sorb B                       Sorb C                        Sorb D                       Sorb E
Figure 1. Microscope image of CO2 sorbents (500ⅹ).
Table 2 summarizes the physical properties of the spray-dried CO2 sorbents. The shape, bulk density, average 
particle size, and size distribution of the sorbent are essential parameters for evaluation of the fluidization and solid 
circulation characteristics in fluidized-bed reactor process. The bulk density of sorbents is not sufficient except sorb 
D, which is higher than 0.8 g/mL are recommended for fluidized-bed applications. The attrition indices (AI) of all 
sorbents showed superior attrition resistance.
Table 2.  Physical properties of the spray-dried sorbents calcined at 600∀C
Properties Sorb A Sorb B Sorb C Sorb D Sorb E
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Average particle size/!m 108 150 137 128 144
Size distribution/!m 42–250 42–250 42–250 42–250 42–250
Bulk density/(g/mL) 0.76 0.65 0.70 1.16 0.60
Attrition resistance/%
AI (CAI) at 10 slpm 2.6(1.3) 13.8(11.6) 4.4(2.9) 1.4(0.86) 11.6(9.9)
The attrition indices (AI) of sorbents by ASTM D 5757-95 (10 slpm) reached below 15% compared to about 20% 
of commercial fluidized catalytic cracking (FCC) catalysts. The lower attrition index means better high attrition 
resistance of these sorbents and it enables to provide a low level of additional sorbents in the process because 
sorbents are decreased by attrition during CO2 capture.
All the developed sorbents were tested for chemical reactivity. Figure 2 shows the TGA sorption capacities of the 
MgO-based sorbents, calcinations temperature is 600 ∀C, at 200 ∀C and 21 bar with simulated syngas. The CO2
sorption capacity showed 8–17.6 wt%.
Figure 2. CO2 soprtion capacities of the spray-dried sorbents clacined at 600 ∀C.
3.2. WGS (Water Gas Shift) Catalysts
Five WGS catalysts were also prepared for this study. These formulations used multi ceramic binder on 8 kg solid 
scale and were prepared by varying the organic additives and the operation conditions of the spray dryer. All the
formulations yielded semi-spherical sorbents with an average particle size of 121–157 !m and a size distribution of 
37–250 !m. Table 3 shows a comparison of the physical properties of the WGS catalysts. The range of bulk density 
of catalysts is 0.92 to 1.06 g/mL.
The attrition indices of the catalysts showed that the attrition index (AI) and the corrected attrition index (CAI) 
were range of 8.2 (6.5) % and 45.5 (43.1) %. In these results, Cat D and Cat E catalyst calcined at 550∀C are
available for fluidized-bed SEWGS applications.
All the developed WGS catalysts were tested for chemical reactivity with fixed-bed reactor. Figure 2 shows the 
CO conversion curve for five kinds of WGS catalyst curve depend on reaction temperature. Cat E shows relatively 
high CO conversion, which is reached over 80% in the simulated synthesis gas conditions at 300 ∀C.
Table 3.  Physical properties of the WGS catalysts calcined at 550 ∀C
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Properties Cat A Cat B Cat C Cat D Cat E
Average particle size/!m 157 121 124 121 133
Size distribution/!m 37-250 37-250 37-250 37-250 42-250
Bulk density/(g/mL) 0.94 0.93 0.92 1.05 1.06
Attrition resistance/%
AI (CAI) at 10 slpm 24.5(20.2) 36.2(32.4) 45.5(43.1) 9.2(6.9) 8.2(6.5)
Figure 3. CO Conversion of the WGS Catalysts Calcined at 550 ∀C.
4. Conclusions
Five CO2 sorbents and five WGS catalysts were prepared and screened using a standard evaluation method. All 
the CO2 sorbents appeared to satisfy the basic physical requirements for fluidized-bed application. However, their 
CO2 sorption capacity is needed to improve using various methods such as incorporated additives etc. In case of 
WGS catalyst, the forming of WGS catalyst by spray drying technique demonstrates a successful, thereby showing 
the possibility of utilization for fl uidized-bed SEWGS process. All catalysts satisfied the basic physical 
requirements for the fluidized-bed reactor. Especially, Cat E shows excellent physical properties along with 
relatively high CO conversion. 
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